Twelve rhesus monkeys received daily doses of hydrazine ranging from 5 to 20 mg/kg and totaling from 4 to 20 injections. Seven monkeys received 20 injections of 1,l-dimethylhydrazine at 10 mg/kg. All animals lost weight during the experiment.
INTRODUCTION
Hydrazine (N 2 H 4 ) has been reported to cause accumulation of lipid in the liver (refs 1-5) and kidney (ref 6) after both single and multiple doses. Our past experience with 1, l-dimethylhydrazine [ (CH 3 )2 N 2 H 2 ] , a methylated hydrazine derivative, has not shown this compound to cause deposition of lipid in the kidney and liver of rats, monkeys, and dogs with single doses up to 100 mg/kg. However, we had not determined the effects of multiple doses of UDMH in any animal other than the rat (ref 7) . The work in rats indicated that there was no liver or kidney lesion with daily doses of 10 mg/kg/day for 20 days. To our knowledge comparable multiple dose experiments with either compound have not been done using primates. Preliminary studies indicated a striking species difference in the degree of pathologic alterations between rats and monkeys that received hydrazine. This report concerns the comparative pathology and toxicology of repeated doses of hydrazine in rats and monkeys and of UDMH in monkeys.
MATERIALS AND METHODS
All experiments were performed using Practical Grade 1, l-Dimethylhydrazine (UDMH) and Hydrazine obtained from Eastman Organic Chemicals, Rochester, New York.
Male rats of the Sprague-Dawley strain weighing from 308 to 386 gm were employed. One group of 25 rats received 10 mg/kg hydrazine by the intraperitoneal (ip) route, daily, 5 days a week for 5 weeks. Simultaneously, another group of 25 rats received 20 mg/kg/day for the same period of time. The hydrazine solutions were prepared fresh daily by dilution with distilled water. Body weights were recorded twice each week. One group of five control rats received no injections and was NMRI/TD ijibrary Bldg 433, Area B Wright-Patterson OH AMRL-TDR-64-43 otherwise handled in the same manner as the hydrazine-treated animals. Another group of 10 control rats received 0.25 ml distilled water ip throughout the course of the experiment. As manyas five animals from eachdose regimen (either 10 or 20 mg/kg) were sacrificed each week to study any progressive development of pathologic alterations. The rats were anesthetized with ether, and blood was obtained from the femoral vessels for differential white cell count, hematocrit, and serum glutamic oxaloacetic transaminase (SGOT) (ref 8) . All organs were fixed in buffered formalin. Fats were stained with oil-red-O. All tissues were stained with hematoxylin and eosin (H&E).
The effects of both hydrazine and UDMH were studied utilizing monkeys. Prior to the administration of compounds, the following blood baseline studies were performed on each monkey four times during a 9-day period: white cell and differential counts, hemoglobin, hematocrit, SGOT, and plasma "true" glucose. Blood analyses were repeated twice weekly during the course of the exposure regimens.
Seven rhesus monkeys, both males and females, weighing from 3.2 to 3.5 kg received 20 doses of UDMH at a level of 10 mg/kg ip. Simultaneously, six monkeys weighing 2.7-3.6 kg received hydrazine at a dose level of 5 mg/kg/day, as indicated in groups A and B, table 1. Doses in all cases were administered daily except on weekends. In two animals (group B) the hydrazine dosage was progressively increased at the end of the 5 mg/kg/20-day dose regimen, since none of the monkeys showed marked clinical illness during the low dose schedule. Six additional monkeys weighing from 3. 6 to 4. 1 kg were given either four or five doses of 20 mg/kg/day (group C) to compare them with monkeys that had previously received multiple lower doses before receiving the 20 mg/kg dose. In all animals, weights were recorded weekly. The animals were killed under pentobarbital sodium anesthesia, and complete necropsies were performed. Tissues from 10 monkeys that had not received hydrazine or UDMH were processed along with those from the treated monkeys in the manner previously described for rats.
RESULTS

Hydrazine-Treated Rats
Clinical Behavior
All control rats and those that received 10 mg/kg hydrazine survived the experiment. There appeared to be a diminished food intake during the first week. The maximum weight loss occurred during the first 10 days of the experiment (figure 1). Subsequently, the treated rats gained weight but did not reach control values.
In the group receiving 20 mg/kg hydrazine, 10 of 25 rats died during the experiment between the 8th and 21st doses. Weakness, lethargy, and a diminished food intake were noted. Partial epilation occurred, particularly about the abdomen and groin. Convulsions were observed in two animals, in one after 10 and in the other after 17 doses. Red frothy fluid was present about the mouth and nose of two others, possibly resulting from convulsions. The maximum weight loss occurred during the first 10 days of the experiment and was more pronounced than in those receiving 10 mg/kg (figure 1).
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Laboratory Determinations
In the 10 mg/kg group, hematocrit values were lowest in those rats killed atter 13 doses (table 2) . No significant difference could be detected in the differential white cell counts between control and treated rats. SGOT values tended to be higher in the rats that received three doses than at any other dose schedule (table 3 ).
In the 20 mg/kg group, hematocrit (table 2) and SGOT (table 3) showed trends similar to those described with the 10 mg/kg dose. Pathologic Alterations
There was no pathologic alteration in the 10 mg/kg group that could be attributed to hydrazine. In the 20 mg/kg group, gross observation revealed severe pulmonary congestion and edema in four rats that received 18 or more doses. Two animals in which such changes were noted were among the 10 that died.
Microscopic examination of H&E stained tissue sections revealed changes consistent with a diagnosis of chronic murine pneumonia in the majority of animals. Such changes were also present in the control group. There was slight vacuolization of hepatic cells in seven animals ( There was no obvious sign of clinical illness in the four monkeys that received doses of 5 mg/kg/day or in the two that received additional doses of 10 mg/kg/day. All monkeys that received 5 mg/kg/day lost weight, ranging from 0.4 to 0.9 kg. The two monkeys that received additional larger doses exhibited no further loss. During the experiment, none of the monkeys regained its initial weight.
Seven of the eight monkeys in groups B and C vomited, exhibited lethargy and weakness; and one had tremors. Clinical signs developed at 20 mg/kg regardless of whether the animals had received previous doses.
Laboratory Determinations
At the repeated dose level of 5 mg/kg hydrazine, both hemoglobin and hematocrit mean values dropped slightly during the experiment (figures 3,4). No significant changes were noted in the white cell or differential counts.
The results of glucose determinations are summarized in table 4. There was a slight increase in mean blood glucose values after a dose of 20 mg/kg/day; however, the change does not constitute a significant difference.
SGOT baseline determinations yielded a mean value of 28 ± 15 (SD) Sigma Frankel units. Terminal levels were not significantly altered in those monkeys receiving 5 mg/kg daily. In those receiving a dose of 20 mg/kg, however, there was a marked terminal elevation ranging from 78 to 5920 units. 
Pathologic Alterations
Gross alterations of lungs were present in most monkeys in the form of a few scattered small gray-yellow nodules secondary to lung-mite (Pneumonyssus semicola) disease and not related to the experimental procedure. Acute ulceration of the duodenum was present in one animal that received five doses of 20 mg/kg (group C). The most significant gross alteration consisted of a uniformly pale, yellow-tan, slightly enlarged liver in all the animals receiving 20 mg/kg. In one animal receiving four doses of 20 mg/kg (group C), the liver was unusually friable with alternating yellow and well-demarcated dark red areas.
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Histologic findings consisted of fatty changes in the liver, kidney, and heart. The most marked lipid accumulation was noted in monkeys dosed with 20 mg/kg/day for 4 or 5 days (group C). The liver was involved in all six animals; however, there was a considerable variation in the severity of the lesion, ranging from a moderate peri-portal and mid-zonal accumulation of lipid to markedly fatty livers with cellular distortion (figure 5). In one instance there was extensive peri-portal necrosis. With this dosage the kidney (figures 6,7,8) and heart (figure 9) also showed considerable fatty change. The fatty change in the kidneys was most conspicuous in proximal tubules. In some animals there were subnuclear deposits of lipid, and in others the entire cytoplasmic component contained lipid. In the myocardium, fat was present in the form of droplets, approximately 0. 5 -4 microns in diameter. In some animals this was a focal change; in others, the entire section was uniformly involved. This myocardial change was observed at all dosages of hydrazine but was not observed in the 10 untreated animals. The most severe fatty change was observed in monkeys of group C. Fat stains of skeletal muscle performed onthreeanimals of group Crevealed the same type of fatty alteration as observed in the myocardium.
In' group A (20 doses of 5 mg/kg) there was a moderate amount of lipid in the liver and kidney of one of the four animals. Fat was demonstrated in the myocardium of three animals.
Those monkeys receiving the graded doses of hydrazine (group B) showed significantly less accumulation of lipid in the liver than was observed in animals of group C, receiving four or five doses of 20 mg/kg/day without previous smaller doses. Moreover, the heart and kidney were essentially normal. This occurred despite the fact that these monkeys received the largest total dose.
UDMH Treated Monkeys Clinical Behavior
At the dose regimen used (10 mg/kg/day) all seven monkeys lost from 0.2 to 0.8 kg weight during the experiment. Like the hydrazine treated animals, the maximum weight loss occurred early in the experiment, but two of the seven animals had regained their initial weight by the fourth week. UDMH caused no other noticeable effects.
Laboratory Determinations
Hematological studies, including hemoglobin, hematocrit, white blood cell counts, and differential counts showed no significant alteration from baseline levels.
Terminal SGOT determinations revealed no elevation over baseline values. Glucose determinations after 20 injections of UDMH, 10 mg/kg, showed a significant elevation (table 4) .
Pathologic Alterations
Gross examination revealed no change that could be attributed to the experimental procedure. Microscopic examination of H&E stained tissue sections revealed no lesions, but oil-red-O stains revealed a slight amout of lipid about the central vein in the liver of one animal. In another animal, there were small droplets of fat about the tubular membrane in the kidneys. Two monkeys had significant amounts of stainable lipid in the heart (figure 10); there were trace amounts in two others.
*V Figure 10 . HEART OF MONKEY RECEIVING UDMH (10 mg/kg/day) WITH LIPID ACCUMULATION Oil-red-O stain; x440 11
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DISCUSSION
When these experiments were initiated, the literature indicated that a single, large dose of hydrazine would readily produce accumulation of fat in the rat liver. For this reason, we started with a dose that was deemed high but nonlethal over a 20-day period. Consequently, a 10 mg/kg/day dose of hydrazine was used in the rat (approximately one-sixth of the acute LDso ) and 5 mg/kg/day was used in the monkey. Contrary to our expectations, this dose did not produce fatty infiltration of the liver in the rat, and only one of the four monkeys showed significant fatty changes. Therefore, the dose in monkeys was increased first to 10 and then to 20 mg/kg/day, in order to provoke histological response.
Based upon our previous experience with UDMH in both rats and monkeys, we doubted that significant fatty changes could be produced at all. Monkeys that were protected with pyridoxine had received four to six lethal doses of 100 mg/kg within a period of 18 months and showed no demonstrable hepatic lesions with H&E preparations (ref 7). On the basis of this experience we thought that daily administration of 10 mg/kg UDMH (one-sixth of the LD 5 0 for monkeys) for 20 days would be a sufficiently high dose to provoke liver lesions if, in fact, such changes occur. Indeed, in these monkeys receiving UDMH, some lipid was deposited in the heart, liver, and kidney, but to a much lesser degree than observed with hydrazine, and could be demonstrated only by special fat stains.
Another significant finding in this study is the marked difference in hydrazineinduced fatty alterations between rats and monkeys at a dosage of 20 mg/kg. The monkey is much more susceptible to the development of liver and kidney lesions from hydrazine than the rat. The marked difference in terminal SGOT values between the two species also reflects this feature. In addition, bilirubin levels were as high as 3.6 mg percent and we noted that the serum was icteric. Lipid accumulations in the kidney and heart were not observed in rats with 20 mg/kg/day for 20 doses, and were negligible in the liver when compared with the markedly fatty livers observed in monkeys receiving the same dose for only 4 days. In spite of the paucity of demonstrable anatomical injury in rats receiving such high doses, the toxic effects are nonetheless apparent in terms of clinical observations, weights, hematocrit, and the death of 10 of 25 animals.
Convulsions probably contributed to death in several rats. It seems reasonable to postulate that there is a "threshold" effect with hydrazine in rats since Amenta et al (ref 5) have shown marked fatty reversible changes with a single dose of 56 mg/kg.
With special fat stain we were able to demonstrate lipid accumulation in the myocardium in monkeys receiving both hydrazine and UDMH. To our knowledge this lesion has not been described previously in relation to these compounds, although Forbus (ref 9) states that lipid accumulation in the heart and skeletal muscle is one of the most characteristic anatomic features of phosphorus poisoning. We have observed the same change in both monkeys and dogs in association with injury not related to hydrazine or UDMH. Pathogenesis of this lesion remains obscure; it has been observed by others (ref 10) in association with hemorrhagic shock in dogs. In the present study, there appeared to be no direct relationship between heart and AMRL-TDR-64-43 liver lesions. The myocardial alteration was present in treated animals in which there had been no clinical illness. Dominguez et al (ref 6) reported that the reversible nature of kidney and liver lesions in rats was demonstrated within 72 hours after a single dose. In our study, only one monkey out of seven receiving hydrazine at 20 mg/kg/day exhibited hepatic necrosis, and there was a gradation of fatty change in the others. In some of the monkeys there were numerous small vacuoles with no appreciable distortion of cells, while in others hepatic cells were greatly distended by a single large vacuole with the nucleus in an eccentric position. In those animals with no cellular necrosis or severe cellular distortion, it seems that tissue damage would be reversible. Nonetheless, the severity of the general clinical illness was so great in some monkeys receiving 20 mg/kg that recovery would not have occurred even if tissue damage were reversible.
There is some indication, although not conclusive, that rats receiving hydrazine in this study became less susceptible to its effects after repeated daily doses. For example, SGOT values were slightly higher in those animals sacrificed after only three doses than in those receiving many more doses (see table 3 ). When fat was observed in the liver, it occurred in those animals receiving eight or less doses. Weights and hematocrits show similar trends, particularly in the group receiving 10 mg/kg/day.
One of the conspicuous findings in this study was the elevation of blood glucos.e following repeated doses of UDMH. The mechanism is presently being investigated.
